There is high intra-specific variability in susceptibility of plants to herbivores with potential 13 effects on the population dynamics of species, community composition, structure and function. 14 This variability can be partly explained by vegetation assemblages, i.e. associational effects, but 15 it is still unclear how the spatial scale of plant associations modulates foraging choice of 16 herbivores; an inherently spatial process in itself. Using a meta-analysis, we investigated how 17 spatial scale modifies associational effects of neighboring plants on the susceptibility to 18 browsing by herbivores with movement capacities similar to deer. From 2496 articles found in 19 main literature databases, we selected 46 studies providing a total of 168 differences of means in 20 damage or survival with and without neighboring plants. We tested the impact of spatial scale, 21 estimated as the distance between the focal plant and its neighbors, and the type of association 22 effect on the effect sizes reported in these studies using a meta-analysis mixed model. The 23 strength of associational effects slightly increases from 0 to 1 m and decreases at scales larger 24 than 1 m. Associational defence (i.e. decrease in susceptibility with avoided neighbors) had 25 stronger effects than any other type of associational effects, but was not more frequent. Our 26 study is the first addressing the magnitude of change in associational effects with spatial scale. 27
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Further empirical studies should test associational effects between plants at multiple spatial 28 scales simultaneously. The high remaining heterogeneity between the studies suggests that 29 untested factors modulate associational effects, such as nutritional quality of focal and 30 neighboring plants and/or timing of browsing. Associational effects are already considered in 31 multiple restoration contexts worldwide, but a better understanding of these intratrophic 32 relationships could improve and generalize their use in conservation and exploitation. 33
Introduction 36
Selective herbivory can modify the composition, structure and functions of ecosystems (Hester et 37 al. 2006 ). There is high variability in the susceptibility of different plant species and individuals 38 to herbivory. This variability is driven by forage selection that in itself is determined the 39 nutritional requirements of the herbivores (Pyke et al. 1977) , by intrinsic (e.g. nutritive quality, 40 Pyke et al. 1977) , and by extrinsic characteristics of both the plants and the environment (e.g. Four different types of associational effects on plant susceptibility to herbivores have been 54 described in the literature (Table 1) , mostly depending on whether the neighboring plant appears 55 to increase herbivory on a focal plant, i.e. the plant for which herbivory is measured (Thomas 56 1986, Hjältén et al. 1993 ), or decreases it (Tahvanainen and Root 1972, Atsatt and O'Dowd 57 1976). Associational susceptibility is the increase of herbivory damage to the focal plant in the 58 . CC-BY-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/019935 doi: bioRxiv preprint first posted online May. 28, 2015;  presence of a preferred neighboring plant (Thomas 1986 , Hjältén et al. 1993 and/or they might avoid patches rich in avoided species (associational defence). At smaller scales 79 of selection, i.e. the selection of food items inside a patch, they hypothesized an increase in the 80 occurrence of neighbor contrast susceptibility or defence, as those effects depend on the contrast 81 . 
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Methods 114

Literature review 115
We obtained 2496 peer-reviewed articles using the search strategy presented in Appendix A in 116 ISI Web of Science, Biosis preview and BioOne, and through citations used in articles previously 117 found in the search. We searched for studies involving herbivores with movement capacities 118 similar to deer from the smallest to the largest deer species, thus excluding small mammals or 119 very large ones (e.g. elephant and giraffe). The minimal and maximal sizes for herbivores were 120 defined using the studies found. The smallest herbivore in our dataset is Capreoleus capreoleus 121 and the largest is Bison bonasus. Studies reported data on damage or survival on plants (hereafter 122 called the focal plant) with and without the presence of a neighboring plant (hereafter called the 123 neighbor plant). We included studies using feeding trials in controlled or natural environments, 124 transplantation/removal of neighbors and observations in natural environments. 125
We established the criteria regarding acceptance or rejection of a study prior to conducting the 126 meta-analysis using a PRISMA inspired protocol (see process in Appendix A, Moher et al. 2009 ). 127
The criteria were the presence of a control treatment (damage/survival without neighboring 128 plant), a palatable plant in the focal-neighbor group and a difference in palatability between 129 plants. To To compare associational effects among studies, we extracted means and variance of 142 damage/survival with and without neighboring plants. We used this information to compile 143 standardized effect sizes that indicate the size of the impact of neighboring plant on susceptibility 144 to herbivory of the focal plants (see below for details). We also extracted moderator variables, i.e. 145 a source of variation among studies that can account for part of the variability in effect sizes 146 (Koricheva et al. 2013a ), such as the type of associational effect ("classic" i.e. associational 147 defence and susceptibility, or "contrast", i.e. neighbor contrast defence and susceptibility, Table  148 1) and the direction of the effect. By direction, we mean increase in susceptibility with neighbor 149 (preferred or avoided) presence (now referred as the susceptibility subgroup) or decrease in 150 . CC-BY-ND 4.0 International license peer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/019935 doi: bioRxiv preprint first posted online May. 28, 2015;  susceptibility with neighbor presence (now referred as the defence subgroup). Some studies 151 measured associational effects in plots while others rather reported a distance between focal and 152 neighbor plants. We combined those under a single variable, the radius (r), equivalent to the 153 distance between the focal and neighbor plant. We chose this metric because many studies 154 centered a circular plot on the focal plant. Variables extracted from articles are detailed in the 155 Appendix B. Data presented in graphs were extracted using Web Plot Digitizer V2.5 (Copyright 156 2010-2012 Ankit Rohatgi). We contacted authors for missing data, such as plot size, variance, 157
Pearson's r or precision on the herbivore species. Effect sizes that can only be calculated through 158 that supplementary information are indicated in supplementary Table 2 . 159
The data extraction provided 283 distinct observations of damage/survival with and without 160 neighboring plants. Data 
Results
215
The selected studies reported results related to over 51 focal species; 15 were reported in more 216 than one article and only one out of 15 was not a woody plant (Medicago sativa). While most 217 .
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woody plants were reported in two to three studies, Pinus sylvestris and Picea abies were the 218 focal species in 11 and six articles, respectively. Over 70 different neighbor plants were found; 219
Betula pendula was present in five articles but most neighbor species were reported in only one 220 study. Twelve studies reported domestic sheep (Ovis aries) as herbivores, alone or among others. 221
Alces alces and Capreolus capreolus were mentioned in eight studies and Cervus elaphus in 222 seven studies. The extracted data were equally divided between decreased and increased 223 susceptibility with neighboring plant, but "classical" types (associational defence and 224 associational susceptibility, n = 104) were more frequent than "contrast" types (neighbor contrast 225 defence and neighbor contrast susceptibility, n = 47). Additional summary data can be found in 226
Appendix B. 227
The tested moderators explained 27% of the heterogeneity between effect sizes (omnibus test for Cheung 2010) but we caution that the value of the relationship between scale and associational 252 effect strength depends on these extreme data points. We also found some evidence of potential 253 publication bias, again suggesting caution in the interpretation of the value of the summary effect 254 size (Appendix C). In addition, our analyses revealed potential bias among the d-class effect 255 sizes, but the trim-and-fill method indicates that our conclusion concerning the lack of difference 256 between classes of effect size is robust (Appendix C). We found no evidence of a temporal trend 257 (Appendix C). 258
Discussion 259
Using a meta-analysis based on 46 studies and 168 data points on the impact of neighboring 260 plants on the susceptibility to herbivory, we found a slightly increasing associational effect 261 strength between spatial scales of 0 to 1m, followed by a decrease in associational effect strength 262 at larger scales. In contradiction with our hypothesis, this decrease did not interact with the type 263 
scales (among stations > among patches > within patches) with squirrels (Sciurus spp.), and 288 found that both neighbor contrast susceptibility and associational defence occur among stations 289 and among patches. At a larger scale, they found only associational defence; high palatability 290 seeds were less susceptible in low palatability stations. The study of associational effects could 291 be greatly improved by more experimentation with varying spatial scales, which could test the 292 extent of associational susceptibilities and defences. 293
Associational effects vary in strength depending on whether they increase or decrease 294 susceptibility to browsing and whether the neighboring plant is preferred or avoided by the 295 herbivores. In their meta-analysis, Barbosa et al. (2009) stated that associational defence was 296 more frequent for mammalian herbivores. In opposition, our results indicate that associations 297 with a plant providing defense are not more frequent than associations with a plant increasing 298 susceptibility to consumption. Associational susceptibility, neighbor contrast susceptibility and 299 neighbor contrast defence had lower effect sizes than associational defence, but were as 300 prevalent in the literature as defence associational effects. Because there was a high prevalence 301 of woody plants in our dataset, a wider range of plant species could help disentangle which of 302 increased defence or susceptibility in presence of neighbors is more prevalent for herbivores with 303 movement abilities similar to deer. Woody plants could be more apparent to herbivores than 304 herbaceous plants because of their larger size and longer life span (Haukioja and Koricheva 2000) 305 and those differences could be reflected in associational effects. Most studies of associational 306 effects involving herbaceous species that we reviewed measured the effects using parameters 307 such as growth, height or survival and those parameters cannot distinguish herbivory effects 308 from direct interactions such as competition or facilitation. 309
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As with many meta-analyses, there are restrictions to the generalization of our results. First, our 310 work was focused on herbivores with movement abilities similar to deer and the results cannot 311 be exported to smaller mammals or invertebrates, as their foraging behavior is much different. Numbers to the right of the data points are the number of effect sizes in each summary effect. 386
We used a meta-analysis mixed model to test the impact of moderators on the standardized 387 difference of means. 388 
